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ABSTRACT: 

PURPOSE: To obtain an electrophoretic device which can 
easily measure a 

sample subjected to molecular-weight separation with high 
sensitivity by 

measuring fluorescence or light absorption. 

CONSTITUTION: Two capillaries 1 and 2 filled with a gel 
are coaxially fixed 

in a fluorescent cell 4 so that a fixed gap 3 can be 
maintained between them. 

An electrophoretic passage is constituted through the gap 2 
by injecting a 

buffer solution into the cell 4 so that the gap 3 can be 
filled with the buffer 

solution. Fluorescence or light absorption measurement is 
performed in the gap 

3. Since the optical measurement is performed outside the 
gel, a highly 

sensitive electrophoretic device which can make 
fluorescence or light 

absorption measurement in such a state that the measurement 
is hardly affected 
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by background light can be obtained. In addition, a 
fluorescence or light 

absorption measuring section composed of an electrolyte can 
be easily 

constituted without deteriorating the molecular weight 

separation ability when 

the gel makes electrophoresis. 
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[11*113 j -&%ti?mmmnm§itz\iWi 



<r t mm t -th mm 3 imwmmmmw.. 

mmcDKm^&®£%L~cDK¥*>u>PizmsL, m 
immnft^mmvm^zmmm&'fr ixmm lt 

LOT* & d t £#St t 5|| 1 -5 cOVi 

asm ^ y ~mmm tragi. , ^Tcw/em 
tiuhMzmmizmm-zx o iz$L-coMmxmmm% 

[000 1 ] 
[0002] 

tttmi* timi-zmmkmrnkixu. mum 

%.W*WMMz l tz D N ACDi&Wfiim'feggmtffo i . 
tS&mimj&mte. m%\W>tf~ (Sanger) 



A£o<&. ;<?)i6iDNA(:77^?-DNAli^ 
T7^-DNA£@rfJfc Lfc«Wi-&«*lf*> 

ask, ^-s^-^-fc^s^^ia^T*^^ 

io 7f-y (a) .^h^y 

(c) ; /r-y (G) , rzy (T) o4H<oia«fc 

*t*S i>T**isJ 9 HH 'J >Wto& *) d d AT 
P- ddCTP, ddGTP, ddTTP&«V\ -f^l 

?ti±m<DftWm$mifb£fth-£&z\bX\ *©ss 

* J ^ti^A, C x TT&Sa*<9£3«0DNABr 

[000 3] £<W2£K£cfHjfc@fMfc3tEfct 

-ff>+-j H3 2 ®6 74-6 7 9H ( 1 9 
8 6^) (Nature, 321, 67 4-679 (1 
986) ) fcaUSflTI^SJIE'Ctt, DNAR^* 

>, 4-;on-7^-N y- 2 -^^ft- 1 - 
yTV~A' (NBD) , xh5^f-;Po-r5y, r^f 
(tl^^ A 77D~/»p a ») ) t«lL, 
rtS*U-2mm<7)^'7XSf- A -7'^«ijS5t LTj* 

»u ^aB^«»$nT<i,i!f^^ix-if-3tT'i)e 

nm, 550nm, 5 
78nm, 605n mftifiT* 0 , **lWW)»Jt«* 

O^Sr^LT^tHLTV^ (mi«0«*M) . 4 
, lOOwra OT<0^f -V t° 7 D - 1 yiVkftfc 

Lxm^m^t-ttum^h^. miu ^-^-^v 

A */ -9 7x7 H U-tr-f-j mi 8^, Hi 4 1 
5-14 1 9K ( 1 990^) (Nucleic Ac 
id Research. 18, 1415—1419 
40 ( 1 9 9 0 )) t:M?):ft£T14, H6(c^t J: 3 1, 
P^S7 5jtzm<?)df^K , 7y-S:ffifflL, 9kV(D©mjE 

£ epjn-r i. £ fc t, d n m^m(nm3jfm%wm^ 

t i^-^^BajtWfc ^, aiD5rifii3&»6 2 5%nm$\ 

$-tf, l/-if'*Sr^ J rh-7';-cOtf'C^{CitfMj2 0^ 

nsmx'ttXLxm&Lx^h (%2<nmm) . 4 

50 [0004] r^>_^ ^-y ^DVh^' 
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77-f-j 3?5 1 6&. 316 1-6 75 ( 1 9 90 
^) (Journal of Chromatogra 
Phy, 5 16, 6 1-67 (1 990) ) 

0 ;« mf)^ 'J - LT D N A 

Xj IS, £2 4 H5 6 2-5 64W (1988 
*£) (Science, 242, 562-564 (19 
88) ) lZ§ffiZtlX\i&i>c7)ThZ>. r+^xyxj 10 
tSIBf^gSfc, fM^-f^ft. U-y-'XWfr^- 

x 7 n-^^>7^sr jd^. xmm Ltzmmm^m i 

iKSr^f^o-^-vyA- (W2 5 0^tmX2 50 

0AtmgJStft3fcLtBS|tL, #3fc7<f;l^£jILT 

01) . 20 
[0005] 

h h \ w -v t°y y - m& 

Tm< Z k fcfc*. 0 , «&K&8£ftffl*££ 30 
tSfcfi, i««t d=flr«H!WK«:V^t:|^i-f S^fill 

[0006] JJBS 1 OftfcWCti. A> hVUf$7 

mctz>zt\immx*hh. 

[ 0 0 0 7 ] £ 2 c7)^*plJT'{i. ^> hVUff-7 -f ;P 40 

mxftKLxmim&t&zkizimix. *^t°yy 
HLxm*frt>2 5Bm&vmzittztx\ u>xx 

n*t z b mmtziei . s (c. y/wc 50 
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^ri6nci»fi8SfL-c < siceuc** tT^fttae^ffl.f 
[00083 »3<ofl!3feWTtt. y 

x 7n-ft >-A'-(?)-t y 77MiAP kttzk 
X\ **VyV-jr')U9Hzmmmft2#. y-X7 

£. y-X7n-f+>A'-til 1 sefl»8i*<o 
li&Qfc&MfflfflXWi, 7o-ft yy 
ffiStL&^fcft. 7D-f^yA-i^«UtMI( 

frt><rymtb z^mzfrMth z t vxz . «mK 

Vh/57 ^ VTf ty-7v 7D-f t yn'-rt 

iz-ffimx'im7vi-$itt<&m s $)i . 

[0009] #»DgB<)i±. ±fSt7t^*SW^r n 1S 
[00 10] 

fit 3B¥Wt«ffi LxmAnm^&mmmmw.izi> 
[0011] ±K<w«^f!tfiWi^+e7 y-y/pf 

¥flTOgP{j:. 2*c0^-rt°7 y-t-e<50«lt{J{3r-gc 

s-frtiDKwtsaL.^ ffl^t-s^^t^y-ffit^f 
tfis^^a. zcoyt^mmmzn^xmfMzx^m 

[0012] ttz. Jf'-v 'y7°<r>^ i 1 mml3lTt^4 
i3 =Sr*J-, ^>-y7°(i s m^^c 

mthZhimtLW ttz. m%cr>*vVyV-tttZ 

[00 13] mt*<?>**VyV-lz£im 
1 n tzfflt L . #-^Ji^ S- £ <0JiJ 

i. i k izx *) % ±£ajRo3K^ttffia5TR«(c«jea 
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jgfcff 3 i o twjR-t* i k i> t# * . 

[00 14] 

nmmm. yivzimLtz^mm&k, 
&mmssxmti s ix&t&mem t x~®& i , »b 

kt\ y/wctsiKHjsa^*. jfevt^+t^y- 

Z k tfT'Z . fllS!Slg*tb^ feJ43tiUK«j{iJ*fsrffi k 4 

#BftgB£l£fttl> - k T\ 0 . *J^*f)ft: J: ft ft? 
&4mZfiotktfTZh. 
[ 0 0 1 5 ] *fc. U-y/l/C 

ami- s z k iz£ -? r . mmfttmrnm ft:*ft . * £ . 

KEU ffittfa^ft^A-e^y-^^fc^y-GOitt 

««(=4H s «4Ht«i: 7^W$ffigB£flf)$-f ft C fc 
#ft. <r<7)i§£\ JJE*+v7*^a«Stfl<9ffi3Kafc« 

[0 0 1 6] *>y7Mlfti0. Immi'MmmfctS 
WBj6M?+ -y 7°£r B 1£wIjL^-f < *ft £#Wft: 

air &±x\ jf> -y 7's«tri l t ffltmtm t 

< *ft wwummzii. 0 . 1 mmajiifi 1 

V\ fc*£U 0. lmmJaTfcra^tSikfc^ngTft 
oT, *<*>HEWW±* ^-yrgPT'OU— f'Tt^BS* 

*ftk, i^ti^+-/7Sis*fia«fcaaw^t, * 

< * ft . ¥-V -y TS* J 2 - 3 m m ggT JbfUf . KM* 4 

fc <k -5 T(iiE^(c»i)L*< *ftfca6. Hiewcyf * -y 
7*514 1 mmMflW 4 U\ o4 0 . ^f-V -y 7°£ 
£0. IramH ImmttSIfct, l#B£18H£fc:3!l 

[0 0 1 7] d f' J r«y7''2-JfM-r-l. d f J pt^'J-^ 

7 «j -<oks «t y Ktmta.vmm^ti m 



y&n&mzmk-t&zkifix**. mtam^^±^i 

ZktfX'ZZ. 

[0018] ttz, mW**V? V-ttcr>&*W yT 

msizx^xB&zti&m&eyftmtkmz. \m 
asss-ii-a i k ft: «fc o , m\,zm&<mmmm-3k 

Wr^thZkimmztsih. S^ft:, «St^df^h° 
7 U 1 WfcB!fK-4 i kT\ itR*>6SW:6ii4 

io ^^si^-ri»^6^aia5^wft:^s^, 
iz%mmi-&zkmmiz%&, «*a<%^ 

WttajSSSv^«j?ffl[^LTjiSS-«l-SC:kft:J: 
3B^«ttaja{fc:#< -I k* J ?# . ^SSft:^3e^^tiJ-r 
[00 19] 

mmm^zx^wm^mwAzmm 

•ft. 

20 c mmm 1 3 *hm^j-c{4 . mtwmit: d n abt^^ 
wmmiz£><)ft¥M.M&L. mytizz^xmiuzft 
■ 0. mmmcomxfak ix. v)vj[V*>a v ■ av^ 
isj*- h ( f i tc ) moat zm&iz^xmi? 

[ 0 0 2 0 ] 0 1 fti, *mfcM(omim$mmcoffiim 

Sr^-r. rtS10 0^m s ^hS3 7 5^m. 5S3 0c 
m0)isV /Mcr>** 1 5 y - 1 mfZtlk n IWttZZ 
*t"l>5§ 5 c mOy 'J ilM^X f7 'J- 2<7)2*Sr 

fiEffl-r s . * t° 5 'J - 1 fcti , ^mmcommz-tts 5 
30 %^yr^y/prsH^*ffjs-t5. 

X\m>ltz4. 7 5 %<T>T9 'J )VT S F , 0. 2 5% 
'J/I/7S h\ 7M^S. 2mM<7)EDTA 

df -vh°7 y-iii^^y^ y7*y y^^sas^T^s^ 
» , r ^ y /1/7* s k y/i-k + f 7 y - k Ji-fbwtis 

40 ;k***l\ 

[002 1 ] ^ J rt , 7y-2{4^c7)rtHA>iE(0€ 

s^*f-i»J:3ft2is»-r-&. tf\ ^f-^t°7y-ft:3- 

( 2-TS7Xf-^TS77ne;P) hD^h^fv-^^ 
^M$r?±ALTRl£S-ti-. 1 1 OXlXWmiX^ 

y -rtMS: T 5 7 i^7 Wt LT JE^Mm^t h 
iolz-fl. ZWkolZi-hZkX'*^? 0-2ft& 
com§ti%MtfL<D\ftZ tf-kMfr ^>IEffiiO[p] § ft:* 0 . 77 

UttritJ ( Mffi^IES ) k . 4f a- 1 5 'J - 2 T'<7)ISf4«@ 

50 tt^r&i (Sffi-^iEtt) IS^i*»i* s ^ftz* 
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[ 0 0 2 2 ] Zcr>** f5 U - 1 %X/2 cr>Ztl?tlP>- 
«B£» ft¥*>lftmzm&ftlXW,m%¥mzm 

>vtLx%.K*)izmth. 02 y. 

0. lmm^>'y73£lMLTttfi£tfTfmU 

*fx->?£.mmmmti-2>, *-\*t°7y 
[0023] mmmaizx o , u-2 , * 

7°3, SWt^MttlSW. *Vy7° 
3c7)fi${i@<. ^y73T'ii^t"5y-2h^ 

arc, ='i f +«yr3rt**>ioifiiw*^k*<ajau 

fc. »fe/MiW^y*>>y7'3fc(iXy-iryy£ 

L£*\ / 'j Hz y ycomm. mmm 
<mmmt i z t tzx hm&mmm&L. mt*-* 

mm^wAim, ttmftsm&mtbzztizi;*)^ 
my)*?* vT3 wmmmi ^ tmz** t 

? y - 1 *^df -v y - 2 fcgscwsifciiciis 
[0024] *0(Tii±iea wwzmz y y -t y 

3#$tt*Uf. ^ y -fc y >^ £-^2 <jv 

t+^ffifflBTfiBT*s. twc*iabeaaDNAKfr 
^#A{i. isshi*)** t7 y- 1 wsBi-H^wtas 
atca l . tmm t wMmwm e comiz 5 k vows. 
£20 img&ftiw zztx-fto. -e + e 5 y 

- 1 0J§£7catt&flhB&tt 5 cm l , B&fflWfifll 5 
£l@&IRIMf 6 orat; 1 0 k voESflffi^Mrf £ 

fc . sfltt^ y - 1 nx-mimfrtMwmzftfr 
■ox$?mmzti^%.mzii. **v73imm 

1 0 0 2 5 ] Jf> y r 3 zmmt d n A»ra-fc*f L 

T„ T;P3>L— 1f3tasi8<Ottfi4 8 8 nmtf)U- ifjfc 
9*V>X1 0fcJ:0 2 0AtmS«(cRoTJi!M«-4. 



1 3Tlimft£tV)irib££l&££ft. lx>Xl 4T'X 
y 7 h 1 5 fciS«§*iS . x y y M 5 £»*-&3t2- 



SU -e^t^^Srt-^l 9 S 7°yy^2 0(Cti!7j 

[0026] <A>?\3h LTtt. F I TCA^ 

<0S*S , «lftWto»l[B'tS^J6» 5 00nm-54 0n 

4*flMW-&. fLWJvM 5<OBBPSI5*i*i()*|ftI 
•y 7' 3 (Cfc (tl»^«*?^Pg|5^ 4uC4C < £ J: 3 (C» 

*-fe;P4gpt"Oti£SL^<ix y y M 5<oraPSPJc*SH6§ 

[ o o 2 7 3 @2«i. wt&immxtismzhh. 

3bTM2lt>tix®%2til. tit* «3frt*4fc« 
S*2 3 a&0'2 3 btfDBIfc:. y'J r2-y^i>,y\-.y^>- 
2 2 a&t>'2 2 b tmtZ k t A 0 . «E»t*l»<H^ 
k-ffc. d f J rt°7y-l(iH^oit;xf-^ygtflgg07 
X7/P2 4 atflPL^.v'2 5aT', ^■vf^y-fi^pft 

4btffL^'2 5bT-glS-rS. ^f^t^y-ltdf 
30 A-t5y-2O0Hfi % Jf-rt^y-^7x7/W^« 
^§ SrS^t^ Z k X-mizM&tZ Z k » *ss 
J; 5^0. 1 m m t . 

^^LTfcy , ^ilWi^VU7"2 6 aM2 6 b^' 

[0028] ^ISMOHaiCj; 9 s m3tM„lD N A»f 
40 fifHgfcK**. ffiiaailDNABfM-tt, Jilft^y^ 
-(Sanger) ^^^7-'^ vffifc i 0 . 
L-t7°7>f -?-5rffi<,\ DNA3K»J^7— fe'SJS^ffd 
Cli:T'i»-tl.. 7°5^V-i;tT. 7;M-LHz-fy- 
-fVf-^^T*- h (FITC) )We^L)t7 , 5^V- 

KOT^-fv-iUni, 7--/HT, -*«DNAK 
St^r^^V-Sr^^-frS. StdATP, dTT 
P. dCTP, dGTPatXddATPJrlDi, DNA 

50 OS«^S<^3E«»DNABfM-*ft&. 
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[00 29] ±je«idfcKS**+tT5U-KaiA 

l „ -y rawc«oaijiai**«&f-4 i t x\ d n 

t%<mm&?&m£. muz. m35 Cm m® 
commit'? v-zmw a»'3 o c mot 

[ 0 0 3 0 ] ^WJfciixtf. TV^fiEffiLTiHM: 
i>cr>X'iZ%< . ffE^MSfrai^SirU— FHiltfffi 

^?i3. vyx\A, xv v hi smfitmi-im 

y-fe y^rx^-th ztizi. -oX &*rtftr* h . 

[003 1] COHBiJCffl-tSik-C. DNA<7)J£» 

*l/C, d fVy7'2P E g£iI)§-M>DNA 
&£kTiSS«#|5|5£T'^ «£fiBWfcjreSS. & 

'&<D*\\z=7v-zmmLtzt)K n*4rta«4p^tr5 
y -^ffl^rt^fgr^s. 0ii.Hr, df v £7 'j- 1 <9 

i y ** h-7 v - 2<r>nmm< ttaz. * * 
'J - 1 ^&jMt&h.*Kft*<** t-7 y -2 t#A§ 

aSLStttaj-f 4 <! k #T ■* 5 . 2 fc^f-v t5 'J - 1 co 
'O^-vh'y V — 2 < dp* 

y- 1 sa*^aci6$tisafi*i: o^ti^i:^ 
* t5 y - 2 t»AS-a-« ^ k a*c & s . 

[ 0 0 3 3 ] S fete, *HteMtJ:ii(i\ S)@*^df * 



1 0 
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40 
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Bh^ct)^ th'7'J -^a^? cDftjCcT)^- * f 7 y - 

[0034] C3S»M2}<WC, ^*^U-$r4*M 
^TH^taBHWU-rsaicrj^TKHW-*. 113 

4. 2 7 a. 2 7 b. 2 7 c&#2 7 dtiftgl 0 Oju 
^hS3 7 5^m, j|3 3 0 c mCO^'J^ig^^f 
^y-T'&'K («BSLTV^&36«) H Ik H«fc 

liffilHSSfflfcaS^T^S. *3tH«t. 2 8a. 2 
8b. 2 8cSU t '2 8d{i±IBk[5l!:Wfl$-^tl.^ 

$ 5 c m<7) y tmco* * y --c* y . -s«i 

20 IWSHifc«$#LTV^. 

[0035] Ztlt>cr>*r t'y V $ 1 <7)»jfi0iJ 

s vy/teimri, iK&^vyv-izitisyy* 
vTVyywmzmi. rtvjir* wiit^^y 

WWtttt^J; a tgaS1-4. ^C02 7 a-2 7 d 
<7)^*h°7y-k28a~28d(7)^-\'b 0 7y-(±. ^ 

i»5»f^3o««;, micommmmm 

IZ-SfflMcO^ «y 7° 2 9 a— 2 9 d LT®S$ 

[ 0 0 3 6 ] df*h^ y-OEI^(±. ^->*«tn, mi 

f^y-S-HLii^, 27ak28a, 27bk28 
b. 27ck28c. 2 7dk2 8d*<^ii^nNttt 
^l>J:3CU ifc, -y7°2 9 a— 2 9 d^g§*i 
-e^-fil 0 . 2 mmC45 J; 3 ti^g-tS , 

[0037] ffijtaK^ttt, ^mm.%*>v3 onm 

\zy y -b U y «"£tl««ifc£&A L. d f-v-y7"2 9 a- 
2 9 d SKfifjR-OSfc-t. i<04t«-cm£E*9fflirrs 
k , 4f * t° ^ y - 2 7 a fcSM> § ^lit«<i^> 7 7' 2 
9a\ <^(C d f J rh' , 7y-2 8a/\k*|j(L'nK < , flfe 

=5:^ . *g«$+^ y -t y y im 1 coHMCT k 
7 a-2 7 d*^df*evy-2 8a~ 2 8 d^jg^c 
[0 038] *>-y7°2 9a-2 9d£iffig-f&DNA 
on : 2 . 0 . 1 . 4 
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1 1 



1 2 



dsd . mtcoft^tmftmn** »r2 9 a-2 9 

d*HftfcHM«-4J:dtrf4. jSuScofiWi, *>7 
72 9 b k 2 9 c ©+IBfcRjet, 772 9 a~2 
9 d^HTHSBtXiK* MM XiWft*iSg lOO^mt 

**i"3fclBW*. uyX3 3 k LTSuSSE 
2 9 a~2 9 d zmmtxx-y h*MXXWfrt&Z 

btfX'^h. 

[0039] fr^+vrtaaw-iDNABf^^fw 10 

6*ufc9t*44l±. W-Hf3(M8SI*|6li:*K<0*|6|*»6 
WyX3 4T1fe£U 4;k? 3 5 TifcSL3&fr if tf) 

WJ!:3t:£l&*U 1^X3 6 Til* U CCDjM5* 

* h y 4 h r im f?<o 7 4 y -t y -9- 3 7 h tisfi £ 
5^y-fey-9-3 7<7)ai**^. 3ye a -^f(7) 

V\ ^ft^&HS:*:-? 3 9 , 7°>jy?4 Otitic 

[0040] f#k LTifcS4 8 8 nm<7)T)i<3> 

K&kLTF I TC*M£ffiMU #df-v 20 
e5'J-27a-27drt*jigWlcaci!IS-t5. ^ 

7^y-ty-9-3 7-C^tU-rn{f. ^77*2 9a-2 9 

*fiHhomf*K*i»r* - k x\ ttiwi*)* * t 

[0041] *HISW(C «fc 0 . ffiR<WE¥nfftaWtZit 30 

^TisiB#t. ttzinm-mximi-mm^m 

[0042] §fcic, ^MWaiaic^-ve^y-tf 

TSSStt* £ k J: 0 . P-lf-ft*** r u-fc i 

erN-5ia, isi-Bgftf^^K-y mm xx-mtt&z k# 
. «* j: < BteB-r « c k , m. 
commzmmmzm&t&mwzffiwizffim-z z 

m $. u-^-%mgiim±miz&KXMmiii m 

m«mvvyv-*wmhmzv- 50 
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[0043] i^tC. ^mSX'D N AcOtgag^ij^^-f 
4Stfefc-3V»TUW^4 . miSMVytf- (Sange 
r) ^»c7)-/r^^cJ;D. 9J*«MSUfe7-5-fv- 
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CLAIMS 



[Claim(s)] 

[Claim 1] The migration way which penetrates an optical eel is formed between the cathode electrode tub to which 
direct current voltage was impressed according to the power source, and an anode plate electrode tub. It is the 
electrophoresis apparatus with which the upstream migration way of said optical eel is specified by the capillary tube at 
least. Termination is carried out into the optical eel with which the inside dimension of the direction which intersects 
the end of said capillary tube perpendicularly with said migration way filled the electrolytic solution inside more 
greatly than the path of said migration way. The electrophoresis apparatus characterized by using the migration way 
besides said capillary tube in said optical eel as an optical detecting element, carrying out an optical exposure from the 
light source at this optical detecting element, and detecting a sample. 

[Claim 2] The electrophoresis apparatus according to claim 1 characterized by constituting the sample separation 
section of said electrophoresis way from capillary tube gel. 

[Claim 3] The electrophoresis apparatus according to claim 1 or 2 characterized by making the shaft mostly in 
agreement [ the other end of the capillary tube of the pair connected to said cathode electrode tub or the anode plate 
electrode tub, respectively ] in said eel, for an end forming a fixed gap, making it counter, arranging, and using this gap 
as said optical detecting element. 

[Claim 4] The electrophoresis apparatus according to claim 3 characterized by said gap length being 1mm or less. 
[Claim 5] The electrophoresis apparatus according to claim 3 or 4 characterized by having arranged two or more optical 
detecting elements formed of two or more capillary tube pairs in a single optical eel, and said two or more optical 
detecting elements having connected through the electrolytic solution mutually. 

[Claim 6] Said optical detecting element is an electrophoresis apparatus given in any 1 term of claims 1-5 characterized 
by being what detects the fluorescence emitted from a sample. 

[Claim 7] Said optical detecting element is an electrophoresis apparatus given in any 1 term of claims 1-5 characterized 
by being what measures the light absorption by the sample. 

[Claim 8] The electrophoresis apparatus according to claim 5 characterized by detecting to coincidence the 
fluorescence emitted from the sample which aligned, has arranged said two or more capillary tube pairs so that two or 
more optical detecting elements formed of two or more capillary tube pairs may be located on a straight line, irradiated 
a single excitation light along with said straight line so that all optical detecting elements might be irradiated at 
coincidence, and was injected into each capillary tube. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the suitable electrophoresis apparatus especially for detection of DNA 
(nucleic acid) etc. about the electrophoresis apparatus which carries out separation analysis of a nucleic acid, protein, 
the sugar, etc. 
[0002] 

[Description of the Prior Art] Molecular weight separation of the sample by which fluorescent labeling was carried out 
is carried out by electrophoresis, and there is base-sequence-determination equipment of DNA which used the 
fluorescent substance as the indicator object, for example as an electrophoresis apparatus to analyze. The base- 
sequence-determination approach is based on the dideoxy chain termination method of well-known Sanger and others 
(Sanger). That is, DNA to analyze is introduced into a vector, is amplified, is denatured, and the template DNA of a 
single strand is built. Primer DNA is combined with this template DNA, and the complementary strand composition on 
the basis of primer DNA is made to perform. Under the present circumstances, one sort of specific dideoxy nucleotide 
triphosphoric acid used as the terminator other than four sorts of deoxy nucleotide triphosphoric acid is added. Since 
complementary strand composition stops when this dideoxy nucleotide triphosphoric acid is incorporated, the DNA 
fragment of various die length which stopped at the specific base is obtained. Then, ddCTP, the dideoxy nucleotide 
triphosphoric acid, i.e., ddATP, to an adenine (A), a cytosine (C), a guanine (G), and four sorts of bases of a thymine 
(T), ddGTP, and ddTTP are used, the DNA fragment of the various die length whose end bases are A, C, G, and T, 
respectively is obtained by making the above-mentioned complementary strand composition reaction perform, 
respectively, molecular weight separation of these is carried out, and a base sequence can be analyzed by reading a base 
kind in order of molecular weight. Molecular weight separation is performed by the electrophoresis using 
polyacrylamide gel. 

[0003] The automated equipment based on this approach mainly automates the electrophoresis section and the analysis 
section, for example, with "Nature", the 321st volume, and the equipment indicated by the 674-679th page (Nature, 
321, 674-679 (1986)) (1986) four sorts per class of end base of a DNA fragment of different fluorescent substances (a 
fluorescein --) 4-chloro-7-nitrobenzo-2-OKISA-l-diazole (NBD), A base sequence is determined by carrying out an 
indicator in a tetramethyl rhodamine and the Texas red (Morecular probe company product), exciting the fragment 
which migrates as a migration way and migrates the glass tube whose bore is l-2mm in order of molecular weight by 
the laser beam, and carrying out fluorescence detection. The maximum fluorescence wavelength of four sorts of 
fluorescent substances is 520nm, 550nm, 578nm, and near 605nm, and four sorts of bandpass interference filters which 
make each wavelength region penetrate have separated and detected each fluorescence (the 1st conventional example). 
Moreover, there is an approach which a bore creates gel to a capillary tube 100 micrometers or less, and makes the 
electrophoresis section. For example, by the approach of a "new KUREIKKU acid research" magazine, the 18th 
volume, and a page [ 1415-1419th ] (Nucleic Acid Research, 18, 1415-1419 (1990)) (1990) publication, as shown in 
drawing 6 , a capillary tube with a bore of 75 micrometers is used and the high speed and high separation detection of a 
DNA fragment etc. are aimed at by impressing the high voltage of 9kV. The shaft of a capillary tube and the exposure 
shaft of a laser beam are made to incline about 25 degrees from a perpendicular direction, and the detecting element of 
this approach condensed the laser beam in diameter of about 20 micrometers in the core of a capillary tube, with the 
bandpass interference filter etc., it carried out the spectrum of the fluorescence irradiated and produced, and has 
detected it (the 2nd conventional example). In addition, drawing 6 changes intelligibly equipment given [ above- 
mentioned ] in the conventional example. 

[0004] Furthermore, the method of determining the base sequence of DNA also as a "journal OBU chromatography" 
magazine, the 516th volume, and the 61-67th page (Journal of Chromatography, 516, 61-67 (1990)) (1990) with 
capillary tube gel electrophoresis is indicated. By this approach, the bore is carrying out molecular weight separation of 
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the DNA fraginent using the capillary tube which is 50 micrometers. The measuring device in this example is 
fundamentally indicated by "Science", the 242nd volume, and the 562-564th page (Science, 242, 562-564 (1988)) 
(1988). The equipment configuration which added and edited the laser light source, the pump for sheath flows, etc. into 
equipment given in "Science" in order to make it intelligible was shown in drawing 7 . detection of a DNA fragment 
leads the supernatant liquid by which molecular- weight separation was carried out to the flow chamber made from a 
quartz (inner form 250micrometerx 250 micrometers), and carries out a flow with a pump by using the buffer solution 
as sheath liquid - making - a sheath flow condition - carrying out -- the supernatant liquid of a prow chamber ^yhich 
flows a core mostly - receiving - a laser beam - the diameter of about 10 micrometers - condensing -- irradiating - a 
spectrum « the fluorescence from a DNA fragment is detected through a filter etc. (the 3rd conventional example). 
[0005] 

[Problem(s) to be Solved by the Invention] In the electrophoresis apparatus, high sensitivity-ization of detection is 
desired with minute-amount-izing of a sample etc. Generally, in the fluorometry in an electrophoresis condition, the 
scattered light in the wall and outer wall of the base material, for example, a capillary tube, of the scattered lights 
(Rayleigh scattering etc.) of the excitation light by gel and fluorescence, and gel or the fluorescence from the capillary 
tube itself arises as a background light besides the fluorescence from the fluorescent substance itself made into the 
purpose. Therefore, background level becomes high and the fall of detection sensitivity will be caused. That is, in order 
to attain high sensitivity fluorescence detection, it becomes an important technical problem how such a background 
light is removed. 

[0006] In the conventional example of the above 1st, the bandpass interference filter has separated excitation light 
(scattered light) and fluorescence. However, it is difficult to separate the property top scattered light of an interference 
filter completely. Moreover, it is difficult for fluorescence to arise from gel and the glass tube itself, though feeble, and 
to fully remove background light only with spectra, such as a bandpass interference filter. 

[0007] carrying out a spectrum and carrying out fluorescence detection with a bandpass interference filter etc., in the 
2nd conventional example, - in addition, the rate of the scattered light from the capillary tube condensed with a lens is 
lessened by making the shaft of a capillary tube incline from a perpendicular about 25 degrees to a flat surface 
including the exposure shaft and the fluorescence condensing shaft of a laser beam. However, it cannot be said that 
removal of background light is enough. For example, the cross section is a circle and a capillary tube is a configuration 
on which excitation light tends to be scattered. Moreover, since the diameter of a capillary tube is small, the capillary 
tube wall and outer wall which the scattered light generates, and the location which the fluorescence from a sample 
generates approach very much, and it becomes difficult to separate both spatially. Furthermore, the scattered light and 
the fluorescence by gel are unremovable by the above-mentioned approach. Moreover, since excitation light is aslant 
irradiated to the sample condensed in the migration direction, there is also a problem that separability tends to worsen. 
[0008] In the 3rd conventional example, by using a capillary tube gel edge as the sample inlet of a sheath flow 
chamber, in order to make a sample solution draw out of capillary tube gel and to perform fluorometry under a sheath 
flow, generating of the scattered light from gel and fluorescence is lost in the scattered-light list in a capillary tube 
interface. Moreover, in a sheath flow chamber, since [ the ] a core is mostly flowed in the state of a laminar flow and 
the wall of a flow chamber is not contacted, a sample solution can separate spatially the scattered light from a flow 
chamber, and the fluorescence from a sample, and can detect fluorescence intensity to high sensitivity. However, in 
order to form a sheath flow, it is necessary to always carry out a flow with constant flow into a sheath flow chamber 
with the pump for liquid chromatography etc. by using the buffer solution as sheath liquid. Therefore, it is expensive in 
equipment and there are problems, such as becoming complicated. 

[0009] The purpose of this invention solves the trouble of the above-mentioned conventional technique, and is to offer 
the electrophoresis apparatus which can perform the fluorometry of a sample or light absorption measurement 
separated by electrophoresis simple by high sensitivity. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention carries out molecular 
weight separation of the samples, such as a nucleic-acid fragment by which the indicator was carried out with the 
fluorescent substance, by electrophoresis, and in the electrophoresis apparatus which detects optically said sample by 
which molecular weight separation was carried out, and analyzes a sample, the equipment which constitutes an 
electrophoresis way from the molecular weight separation section filled up with gel and an optical detecting element 
filled with the electrolytic solution is offered. 

[001 1] As for the above-mentioned molecular weight separation section, constituting from capillary tube gel is 
desirable. Moreover, the optical detecting element filled with the electrolytic solution can be formed by maintaining a 
fixed gap at the shaft orientations of a capillary tube, and making close to them the capillary tube edge which the shaft 
is made mostly in agreement, arranges two capillary tubes linearly, and carries out phase opposite. In this case, in while 
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it is located iri the upstream of an electrophoresis way at least, a capillary tube serves as the molecular weight 
separation section, and the space section of a gap turns into an optical detecting element. In this optical detecting 
element, the fluorescence by the sample or light absorption is measured. 

[0012] Moreover, the gap length is constituted so that it may be set to 1mm or less. In addition, as for a gap, it is 
desirable to hold inside the optical eel which has bigger inside dimension than the path of an electrophoresis way. 
Moreover, two or more optical detecting elements formed of two or more capillary tube pairs can also constitute so that 
it may be mutually connected through the electrolytic solution. 

[0013] Furthermore, by arranging two or more optical detecting elements by two or more capillary tubes in one train, 
irradiating a single excitation light in this direction of a train, and irradiating two or more above-mentioned optical 
detecting elements at coincidence, it can also constitute so that fluorometry may be performed to coincidence by two or 
more above-mentioned optical detecting elements. 
[0014] 

[Function] In the electrophoresis apparatus which carries out molecular weight separation of the samples, such as a 
nucleic-acid fragment by which the indicator was carried out with the fluorescent substance, by electrophoresis, detects 
optically said sample by which molecular weight separation was carried out, and analyzes a sample By constituting an 
electrophoresis way from the molecular weight separation section filled up with gel, and an optical detecting element 
filled with the electrolytic solution of the gel exterior, and performing the fluorescence of a sample, or light absorption 
measurement in the electrolytic solution without gel Generating of the scattered light from gel base materials, such as a 
capillary tube, and fluorescence can be avoided in the scattered light by gel and fluorescence, and a list, and high 
sensitivity fluorescence or light absorption detection is attained. And there is no need of carrying but the flow of the 
electrolytic solution mechanically, and it becomes a simple equipment configuration. In addition, molecular weight 
separation by electrophoresis can be performed as usual by preparing the molecular weight separation section which 
consists of gel. 

[0015] In addition, high-speed separation is attained by constituting the molecular weight separation section from 
capillary tube gel. Moreover, the molecular weight separation section and an optical detecting element can be 
constituted simple by maintaining a fixed gap at the shaft orientations of a capillary tube, and making close to them the 
capillary tube edge which the shaft is made mostly in agreement, arranges two capillary tubes linearly, and carries out 
phase opposite. In this case, the above-mentioned gap space serves as an optical detecting element which measures the 
fluorescence or light absorption of a sample, electrophoresis becomes possible by filling the electrolytic solution to this 
gap space, and background light, such as the scattered light from gel and a capillary tube, can be removed. Moreover, 
the molecular weight separation section can consist of easily creating gel to one [ at least ] capillary tube. 
[0016] As for gap length, it is desirable to be referred to as 0.1 to 1mm. Since a sample becomes easy to migrate gap 
space the more the more it generally shortens gap length, gap length's shorter one is fundamentally desirable. However, 
since the adjustment will become difficult if gap length is too short when assembling equipment, 0. 1mm or more is 
usually actually desirable. However, it is also possible to set it as 0.1mm or less, and the limitation is determined by the 
width of face of the excitation flux of lights, such as a laser beam in the gap section. When gap length is lengthened, a 
sample diffuses the gap section and stops moreover, migrating to the capillary tube of another side etc. conversely, ' 
without migrating gap space linearly. When gap length was about 2-3mm, it checked that a sample could migrate ' 
normally, but since it stops migrating normally depending on conditions, such as a migration electrical potential 
difference, gap length's about 1mm or less is desirable in practice. That is, electrophoresis of the sample can be 
efficiently carried out simple by setting gap length to 0. 1 to 1mm. 

[0017] The capillary tube edge which forms a gap Moreover, bigger inside dimension than the path of an 
electrophoresis way, For example, by holding inside the optical eel which has the bigger optical path length than the 
outer diameter and optical-path width of face of a capillary tube, filling the interior with the electrolytic solution, and 
carrying out electrophoresis of the sample Since a sample migrates the line top which connects a capillary tube and a 
capillary tube and does not contact an optical eel inside, it can remove the adsorption to a eel inside, and the effect of 
the scattered light from a eel inside, and can raise detection sensitivity. 

[001 8] Moreover, it becomes possible to detect two or more samples on the same conditions mostly to coincidence by 
holding two or more optical detecting elements formed of two or more gap space of each of a capillary tube pair inside 
one optical eel, and making each other connect through the electrolytic solution. Furthermore, it enables it to be formed 
in seriate, and for the optical detecting element which measures the fluorescence emitted from a sample to irradiate 
coincidence, and to carry out fluorometry of two or more optical detecting elements to coincidence by single excitation 
light, by arranging two or more capillary tube pairs in one train. Furthermore, by making two or more optical detecting 
elements of each other connect through the electrolytic solution, excitation light can be efficiently led to each optical 
detecting element through the electrolytic solution with little light scattering, and fluorescence can be detected with 
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high precision. 
[0019] 

[Example] Hereafter, an example explains this invention to a detail more. 

[Example 1] In this example, molecular weight separation of the DNA fragment which carried out fluorescent labeling 
is carried out by electrophoresis, and fluorescence detects. The case where a fluorescein isothiocyanate (FITC) is used 
is explained as a fluorescent substance for indicators. 

[0020] The block diagram of the electrophoresis apparatus of this example is shown in drawing 1 . Two of the capillary 
tube 2 with a die length of 5cm made from a silica have the capillary tube 1 with the bore of 100 micrometers, an outer 
diameter [ of 375 micrometers ], and a die length of 30cm made from a silica and the same diameter of inside and 
outside as it are used. In a capillary tube 1 , 5% polyacrylamide gel containing the urea of a modifier is created. First, 
the interior of a capillary tube is washed and silane coupling processing is carried out. Subsequently, 
tetramethylethylenediamine and a persulfuric acid ammonium solution are added to 4.75% of deaerated acrylamide, 
0.25% of bis-acrylamide, the urea of 7M, the tris containing EDTA of 2mM, and the way acid buffer solution, a 
polymerization is poured in and carried out to a capillary tube, and acrylamide gel is created. Since silane coupling 
processing of the capillary tube is carried out, acrylamide gel and a capillary tube are combined chemically and gel 
does not have ****** from a capillary tube at **** at the time of migration. 

[0021] Moreover, a capillary tube 2 is adjusted so that the inside may have positive charge. First, 3-(2-aminoethyl 
aminopropyl) trimethoxysilane solution is made to pour in and react to a capillary tube, it heat-treats at 1 10 degrees C, 
amino silanizing of the capillary tube inside is carried out, and it is made to have positive charge. The sense of the 
electroendosmose style of the capillary tube 2 interior turns into sense of a positive electrode from a negative electrode 
by doing in this way, the migration direction (negative electrode -> positive electrode) of the sample in the capillary 
tube 1 filled up with acrylamide gel and the migration direction (negative electrode -> positive electrode) of the sample 
in a capillary tube 2 are in agreement, and the migration of a sample becomes easy. 

[0022] Opposite maintenance of each end of these capillary tubes 1 and 2 is carried out inside an optical eel, and a 
sample is detected optically. Here, in order for fluorescence to detect a sample, a fluorescence eel is used as an optical 
cel. that is, each end of the above-mentioned capillary tubes 1 and 2 - the fluorescence eel 4 made from a quartz (3mm 
angle of appearances, 1mm angle of inner forms) interior of a square shape - the same axle - and form the gap 3 of 
0.1mm, it is made to counter, and it holds, and let gap space be an optical detecting element. In addition, each other end 
of a capillary tube 1 and a capillary tube 2 is dipped in the cathode lateral electrode tub 5 and the anode plate lateral 
electrode tub 6 which put in the buffer solution (tris, a way acid, buffer solution containing EDTA). Moreover, the 
buffer solution containing a glycerol is poured into the fluorescence eel 4 made from a quartz interior, a gap 3 is filled 
with the buffer solution, and the direct-current high voltage is impressed according to the high- voltage power source 7 
between the cathode lateral electrode tub 5 and the anode plate lateral electrode tub 6. 

[0023] By electrical-potential-difference impression, a current flows the inside of a capillary tube 2, a gap 3, and a 
capillary tube 1. The die length of a gap 3 is short and a current flows centering on the line top which tied the shaft of a 
capillary tube 2 and a capillary tube 1 with the gap 3. Therefore, it will pass without the sample by which 
electrophoresis is carried out also flowing out of a capillary tube 1, and diffusing the inside of a gap 3 not much, and 
will flow into a capillary tube 2. That is, a sample will migrate, without contacting the inside of the fluorescence eel 4. 
In addition, although the buffer solution containing a glycerol was poured into the fluorescence eel 4 interior 3, i.e., a 
gap, addition of a glycerol aims at reduction of the effect of the convection current by the viscosity of the buffer 
solution increasing, and improvement in the field strength in a gap 3. Diffusion within the gap 3 of a sample can be 
suppressed and a sample can be made to migrate from a capillary tube 1 certainly easily to a capillary tube 2 by 
suppressing the convection current of the buffer solution and raising field strength now. 

[0024] Although the glycerol was used in this example for the above-mentioned purpose, if viscosity is the matter 
which can be highly used for electrophoresis, it can be used similarly. For example, a polyethylene glycol, shoe cloth, 
etc. can be used. In addition, if a gap 3 is narrow, the usual buffer solution which does not contain a glycerol etc. is also 
usable enough. Installation of the fluorescent-labeling DNA fragment which is a sample dips temporarily the edge of 
the capillary tube 1 by the side of cathode in a sample solution, and performs the electrical potential difference of 5kV 
by carrying out grade impression for 20 seconds between a sample solution and the anode plate lateral electrode tub 6. 
If the edge of a capillary tube 1 is returned to the original cathode lateral electrode tub 5 after that and the direct current 
voltage of lOkV is impressed between the cathode lateral electrode tub 5 and the anode plate lateral electrode tub 6, a 
sample will migrate molecular weight separation being carried out toward an anode plate side from a cathode side 
within a capillary tube 1, and will pass a gap 3. 

[0025] To the DNA fragment which passes a gap 3, the laser beam 9 with a wavelength [ of the argon laser light source 
8 ] of 488nm is extracted to about 20 micrometers with a lens 10, and is irradiated. It is condensed with a lens 12 from 
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• the laser beam direction of radiation and a perpendicular direction, the fluorescence 1 1 emitted from the DNA fragment 
is removed by the interference filter 13 in background light, such as the scattered light, and image formation is carried 
out to a slit 15 with a lens 14. A photo-multiplier 16 detects the light which passes a slit 15, it amplifies with an 
amplifier 17, a migration pattern etc. is processed with the data processors 18, such as a computer, and those results are 
outputted to a monitor 19 and a printer 20, and it saves in memory 21. 

[0026] As an interference filter 13, in order to detect the fluorescence from FITC effectively, the bandpass interference 
filter which passes through a 500nm - 540nm wavelength region is used. Moreover, lens systems 12 and 14 are 
constituted so that an image scale factor may become actual size. And it is set as 50 micrometers in the migration 
direction, and opening of a slit 15 is set to 100 micrometers at the laser beam direction of radiation, and it adjusts so 
that the fluorescence image in a gap 3 may come to the core of opening. In order that a sample may migrate only near 
the gap 3, it is constituting optical system in this way, and image formation of the scattered light in the fluorescence eel 
4 made from a quartz section of a laser beam is not carried out to opening of a slit 15, but it is no longer detected by the 
photomultiplier tube 16. Moreover, since a capillary tube and the scattered light from gel, and fluorescence are not 
generated, either, background light reinforcement decreases sharply. 

[0027] Drawing 2 is the expanded sectional view of the fluorescence eel section. The fluorescence eel 4 made from a 
quartz is pressed down and fixed with the capillary tube holders 23a and 23b. Moreover, it considers as the structure 
which prevents a liquid spill by inserting the silicone rubber packing 22a and 22b between the fluorescence eel 4 and 
Holders 23a and 23b. Capillary tubes 1 are FERARU 24a made of a polytetraflouroethylene, and push screw 25a, and 
are fixed to capillary tube holder 23a. A capillary tube 2 is similarly fixed by FERARU 24b and push screw 25b. 
Spacing of a capillary tube 1 and a capillary tube 2 can be freely adjusted by specifying the die length from FERARU 
of a capillary tube, and is set to 0.1mm as mentioned above by this example. In addition, the inlet for pouring in the 
buffer solution etc. independently is established in the fluorescence eel section, and Bulbs 26a and 26b are connected to 
it. After this fixes a capillary tube, it is used for filling the buffer solution in the fluorescence eel 4. In addition, inlets, 
such as the buffer solution, can also be established in the part of the holder of a fluorescence cel. 
[0028] Fluorescent-labeling DNA fragment measurement is tried with the equipment of this example. A fluorescent- 
labeling DNA fragment is prepared by using the primer which carried out fluorescent labeling and performing a DNA 
polymerase reaction with the dideoxy chain termination method of well-known Sanger and others (Sanger). As a 
primer, the primer (indicator primer) which the fluorescein isothiocyanate (FITC) combined is used. First, an indicator 
primer is added and annealed to a single stranded DNA, and an indicator primer is combined with a single stranded 
DNA. Next, dATP, dTTP, dCTP, dGTP, and ddATP are added, and a DNA polymerase reaction is made to perform. 
By the above actuation, an end obtains the fluorescent-labeling DNA fragment of the various die length of A. 
[0029] A sample can be introduced into a capillary tube as mentioned above, and the molecular weight separation 
pattern of a DNA fragment can be measured by measuring the fluorescence intensity in gap space. And when carrying 
out fluorescence detection, without making a gap form like the conventional example of drawing 6 , the capillary tube 
of the same configuration with a die length of 35cm is used, the protective coat of the capillary tube whose migration 
distance is 30cm is stripped, compared with the case where fluorescence detection is carried out in this part, by this 
example, the background light reinforcement detected turns into about [ 1/10 or less ], and a lower-concentration 
sample can be detected. 

[0030] According to this example, a sample can be detected to high sensitivity, without spoiling a molecular weight 
separation property using gel. And without carrying out the flow of the buffer solution using a pump etc., a sample can 
be made to be able to migrate only into the specific part in the fluorescence eel for fluorescence detection, and 
equipment can be constituted simple. In addition, the laser equipment and the fluorescent substance to be used are not 
restricted to argon laser and FITC, and the fluorescent substance and the suitable laser equipment of arbitration can be 
used for them. Moreover, it is possible one sort of not only fluorescent substances but to detect the fluorescence from 
two or more sorts of fluorescent substances to coincidence. In that case, only the number which is in agreement with 
the number of fluorescent substances prepares the group of the photodetection equipment which consists of a lens 12, 
an interference filter 13, a lens 14, a slit 15, and the photomultiplier tube 16, for example in drawing 1 , and each 
should just detect the fluorescence of a separate wavelength region. Or it is possible also by leading fluorescence to a 
spectroscope and receiving light with a line sensor. 

[0031] The base sequence of DNA can also be determined by applying this equipment. That is, after using the primer 
which carried out the indicator with a different fluorescent substance for every class of end base and making a DNA 
polymerase reaction perform, respectively, electrophoresis of the reaction mixture is mixed and carried out. And the 
fluorescence of the DNA fragment which passes through gap space can be detected, a base kind can be identified by 
identifying the class of fluorescent substance at that time, and a base sequence can be determined. In addition, what is 
necessary is just to carry out forming 4 sets of photodetection equipments which detect four sorts of fluorescence 
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- wavelength regions as mentioned above in drawing 1 etc., in order to identify the class of fluorescent substance. 
[0032] In addition, although measurement of a DNA fragment was made into the example and this example explained, 
it can be used also for analysis of protein, sugar, etc. with a natural thing. Moreover, although the capillary tube of the 
bore with two [ same ] was used in this example, the combination of the capillary tube of a different bore is also 
possible. For example, since it will be extracted when the sample which migrates from capillary tube 1 edge is 
introduced into a capillary tube 2 if the bore of a capillary tube 2 is made thinner than the bore of a capillary tube 1, the 
concentration of a sample solution becomes high and it can detect to high sensitivity more. Moreover, if the bore of a 
capillary tube 2 is made thicker than the bore of a capillary tube 1, the sample which migrates from capillary tube 1 
edge can be made to introduce into a capillary tube 2 more easily and certainly. 

[0033] Furthermore, according to this example, since the fluorescence from a sample can be measured without making 
the capillary tube section penetrate excitation light, a capillary tube does not need to be transparent. That is, since it is 
not necessary to remove covering of a capillary tube, handling becomes easy. It also becomes possible to use capillary 
tubes of the various quality of the materials, such as a capillary tube made of a fluororesin with still more opaque 
polytetraflouroethylene, 3 ****-ized ethylene chloride resin, etc. Since the capillary tube made of a fluororesin has 
little adsorption of a sample, processing actuation of surface treatment etc. is unnecessary for it, and since there is no 
breakage, its operability improves. Moreover, since it excels in chemical resistance, it becomes possible to use the 
solvent of broad pH range. 

[0034] [Example 2] Next, four capillary tubes are put in order and the equipment which carries out fluorescence 
detection is explained to coincidence. Drawing 3 is the block diagram of the fluorescence detecting element of the 
electrophoresis apparatus of this example. It is 27a, 27b, 27c, and a capillary tube with the bore of 100 micrometers, an 
outer diameter [ of 375 micrometers ], and a die length of 30cm made from a silica, and 27d of ends is dipped in the 
cathode lateral electrode tub like drawing 1 (it is omitting). Moreover, similarly, it is a capillary tube with a die length 
of 5cm which has the same diameter of inside and outside as the above made from a silica, and the end is dipped in the 
anode plate lateral electrode tub 28a, 28b, 28c, and 28d. 

[0035] 5% polyacrylamide gel which contains the urea of a modifier in these capillary tubes by the same technique as 
the 1st example is created. Moreover, silane coupling processing is performed to each capillary tube, and acrylamide 
gel and a capillary tube are combined chemically, and at the time of migration, from a capillary tube, it considers so 
that gel may not be ****. The gaps 29a-29d of fixed spacing are held to the interior of the fluorescence eel 30 made 
from a quartz of a square shape like the 1st example, it is fixed to it, and this capillary tube (27a-27d) and a capillary 
tube (28a-28d) form two or more optical detecting elements. 

[0036] Immobilization of a capillary tube uses for the block made of a fluororesin, for example, a 
polytetraflouroethylene, the capillary tube holders 42 and 43 which prepared four perpendicular holes at intervals of 
1mm on the straight line. It adjusts so that it may insert one capillary tube in four perpendicular holes at a time and 
may be made for 28c, 27d, and 28d to be set to 27a, 28a and 27b, and 28b and 27c on the same axle, respectively and 
with a gaps [ 29a-29d ] die length may be set to 0.2mm, respectively. 

[0037] At the time of fluorometry, the buffer solution containing a glycerol is poured into the fluorescence eel 30 made 
from a quartz interior, and gaps 29a-29d are filled with the buffer solution. If an electrical potential difference is 
impressed in this condition, the sample introduced into capillary tube 27a migrates next to gap 29a to capillary tube 
28a. The sample introduced into other capillary tubes migrates similarly. In addition, the glycerol in the buffer solution 
suppresses the convection current of the buffer solution of the gap section like the 1st example, and it is used in order to 
make a sample migrate from capillary tubes 27a-27d certainly and easily to capillary tubes 28a-28d. 
[0038] Fluorescence detection of the DNA fragment which passes gaps 29a-29d is performed as follows. First, the laser 
beam 32 from the laser light source 31 for fluorescent substance excitation is extracted with a lens 33, and it is made to 
irradiate at coincidence, two or more optical detecting elements 29a-29d, i.e., gaps. A focal location is set up in the 
middle of gaps 29b and 29c, and it is adjusted so that exposure spot size may serve as 100 micrometers of diameters at 
the maximum equator among gaps 29a-29d. for example, the thing for which the lens whose focal distance is about 
150mm as a lens 33 is used - a gap 29 -- a-29d can be irradiated with the almost same spot size. 
[0039] The fluorescence 44 emitted from the DNA fragment which passes each gap condenses with a lens 34 from a 
direction perpendicular to the laser beam direction of radiation, removes background light, such as the scattered light, 
with an interference filter 35, condenses with a lens 36, and carries out image formation to the 37th page of line 
sensors, such as a CCD camera and a photo diode array. From the output of a line sensor 37, the data processors 38, 
such as a computer, perform data processing, such as a migration pattern, and those results are outputted to a monitor 
39 and a printer 40. Moreover, data are saved in memory 41. 

[0040] Argon laser light with a wavelength of 488nm is used as a laser beam, an FITC solution is used as a sample and 
the inside of each capillary tube 27a-27d is made to migrate continuously. If a line sensor 37 detects the fluorescence 
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■ image of the sample which migrates the gap space which is an optical detecting element, in the optical detecting 
element corresponding to with a gaps [ 29a-29d ] four places, i.e., each migration way, strong fluorescence will be 
mutually detected independently with other optical detecting elements. By measuring the signal strength of the part 
corresponding to each migration way on a line sensor, the sample which migrates each capillary tube is further 
detectable to coincidence continuously. 

[0041] It becomes analyzable covering many items, such as analysis of the side chain or functional group which could 
detect the fluorescence from the sample which migrates on the same conditions being simultaneous and mostly in two 
or more optical detecting elements, for example, used the base sequence determination of DNA, the base sequence 
coincidence decision of the many samples DNA, and a fluorescent substance by this example, and detailed analysis of 
the sample separated with liquid chromatography. Moreover, since the fluorescence condensing sections, such as a 
lens, can be managed with one piece, it can constitute cheaply and small. 

[0042] Furthermore, by allotting a capillary tube pair to one train like this example, arranging each gap space in on a 
straight line, and irradiating a laser beam along each gap space where a capillary tube does not exist Since laser light 
does not receive dispersion or refraction by the capillary tube, each gap space can be mostly irradiated with the same 
same reinforcement and exposure spot size, two or more efficient samples can be excited, and the equipment which 
detects two or more samples to high sensitivity can be constituted simple. When two or more capillary tubes are put in 
order without preparing the gap section and same fluorescence detection is performed, In for example, the case so that 
the two or more same capillary tubes as the conventional example of drawing 6 may be used, the part which removed 
covering may be arranged in on the exposure shaft of laser light in order and fluorescence detection may be performed 
Whenever it passes each capillary tube, a laser beam receives dispersion or refraction. A laser beam way bends, or a 
laser beam bundle spreads, it becomes impossible to irradiate each capillary tube on the same conditions, and sufficient 
excitation laser beam reinforcement is no longer obtained especially to the capillary tube on the backside. Therefore, it 
becomes difficult to put two or more capillary tubes in order in such a case. However, in the configuration of this 
example, even if it puts two or more capillary tubes in order, moreover, all the samples that migrate the inside of each 
capillary tube can be detected to high sensitivity on the same conditions. Therefore, coincidence measurement of many 
samples can be attained easily. 

[0043] Next, how this equipment determines the base sequence of DNA is explained. With the dideoxy chain 
termination method of well-known Sanger and others (Sanger), the primer which carried out fluorescent labeling is 
used, a DNA polymerase reaction is performed, and a fluorescent-labeling DNA fragment is prepared. The primer 
(indicator primer) which FITC combined is used as a primer. First, annealing (2 chain formation) of the indicator 
primer is added and carried out to a single stranded DNA, and an indicator primer is combined with a single stranded 
DNA. This reaction mixture is quadrisected and the DNA polymerase reaction corresponding to A, C, G, and T is made 
to perform to each. That is, ddATP used as four sorts of deoxy nucleotide 3 phosphoric acid (dATP, dTTP, dCTP 
dGTP) and a terminator is added to the single stranded DNA which the indicator primer combined, 'and a polymerase 
reaction is made to perform. By this reaction, an end obtains the fluorescent-labeling DNA fragment of the various die 
length of A. The same reaction is performed also about C, G, and T. 

[0044] Four reaction mixture obtained as mentioned above, A, C, G, and T, is introduced into four capillary tubes 27a- 
27d, respectively, the introducing method ~ the 1st example - the same - A reaction mixture - 27a - G reaction 
mixture is introduced into 27c, and T reaction mixture is introduced into 27d for C reaction mixture at 27b. 
Electrophoresis is carried out by impressing the electrical potential difference of about lOkV after installation. Time 
amount change of with a gaps [ each / 29a-29d ] fluorescence intensity is measured by making argon laser light with a 
wavelength of 488nm into excitation light. Since a DNA fragment migrates in order with small molecular weight, it can 
analyze a base sequence in analyzing the gap location which the fluorescence peak produced to time order. 
[0045] The background light reinforcement of this example detected like the 1st example decreases, and it can detect 
fluorescence intensity to high sensitivity. And two or more samples by the simple equipment configuration are 
detectable to coincidence. The class of fluorescent substance is changed for every base, each reaction mixture of A, C, 
G, and T is mixed, it pours into one capillary tube of arbitration, and it becomes possible to measure to coincidence the 
base sequence of DNA of the equipment configuration which detects time amount change of the fluorescence intensity 
for every fluorescence wavelength of each fluorescent substance about each of two or more capillary tubes then many 
samples. J 

[0046] [Example 3] Although the 1st example of the above and an example explained [ 2nd ] the equipment which 
detects a sample by fluorometry, in light absorption measurement of measurement of an absorbance, measurement of 
transmitted light reinforcement, etc., equipment can be constituted similarly. The block diagram of the electrophoresis 
apparatus in light absorption measurement is shown in drawing 4 . Two of the capillary tube 52 with a die length of 
20cm made from a silica have the capillary tube 5 1 with the bore of 1 00 micrometers, an outer diameter [ of 200 
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- micrometers }, and a die length of 30cm made from a silica and the same diameter of inside and outside as it as a 
migration way are used. In capillary tubes 51 and 52, 5% polyacrylamide gel containing the urea of a modifier is 
created. Acrylamide gel was chemically combined with the capillary tube which that of the creation approach of gel is 
the same as that of the 1st example, and carried out silane coupling processing. 

[0047] Each end of these capillary tubes 51 and 52 is held inside the optical eel 54 like the 1st example, and the 
transmitted light reinforcement based on absorption of a sample is measured, the optical eel (3mm angle of 
appearances, 1mm angle of inner forms) of the square shape of the 4th page transparence which the vertical edge has 
released as an optical eel 54 -- using it -- the same configuration as draw in g 2 of the 1st example - it is - each end of 
the above-mentioned capillary tubes 51 and 52 the interior of the optical eel 54 - the same axle -- and it holds so that 
the gap 53 of 0.2mm may be formed. 

[0048] Let gap 53 space be an optical detecting element. In addition, each other end of a capillary tube 51 and a 
capillary tube 52 is dipped in the cathode lateral electrrfde tub 5 and the anode plate lateral electrode tub 6 which put in 
the buffer solution (tris, a way acid, buffer solution containing EDTA). The buffer solution is poured into the interior of 
the optical eel 54, a gap 53 is filled with the buffer solution, and the direct-current high voltage is impressed according 
to the high-voltage power source 7 between the cathode lateral electrode tub 5 and the anode plate lateral electrode tub 
6. By electrical-potential-difference impression, a current flows the inside of a capillary tube 52, a gap 53, and a 
capillary tube 51, and a sample migrates in a capillary tube 51, a gap 53 and a capillary tube 52, and order. 
[0049] Installation of a sample, for example, the restriction enzyme cutting fragment of DNA, dips temporarily the 
edge of the capillary tube 51 by the side of cathode in a sample solution, and performs the electrical potential difference 
of 5kV by carrying out grade impression for 10 seconds between a sample solution and an anode plate lateral electrode 
tub. The edge of a capillary tube is returned to the original cathode lateral electrode tub after that, and by impressing 
the direct current voltage of lOkV between a cathode lateral electrode tub and an anode plate lateral electrode tub, a 
sample migrates molecular weight separation being carried out toward an anode plate side from a cathode side in the 
capillary tube 51 section, passes a gap 53, and is led to a capillary tube 52. 

[0050] It is a xenon lamp and D2 to the DNA fragment which passes a gap 53. A monochromator 56 is condensed for 
the light of the light source 55 of a lamp etc. with through and a lens 57, and a gap 53 is irradiated. Usually it is set as 
the absorption wavelength of a sample, for example, about 260nm is suitable for the irradiating light wave length to a 
DNA fragment. It is again condensed with a lens 58 and the light which received light absorption with the DNA 
fragment and was penetrated is detected by the photomultiplier tube 59. The output signal from a photo-multiplier 59 is 
amplified with an amplifier 60, a migration pattern etc. is processed with the data processors 61, such as a computer, 
and those results are outputted to a monitor 62 and a printer 63, and it is saved in memory 64. 
[0051] The gap which filled the buffer solution is prepared between capillary tubes like this example, a sample can be 
efficiently irradiated by dividing with the optical detecting element which measures the molecular weight separation 
section for the capillary tube section, and measures an absorbance for gap space, without scattering about exposure 
light by the capillary tube, and highly precise spectrometry becomes possible. If transmitted light reinforcement when 
carrying out incidence of the light to the gap section like this example is specifically set to 1 (when the numerical 
aperture of the lens for light-receiving is 0.19 in the case where a sample does not pass), when making a capillary tube 
penetrate like before, the transmitted light reinforcement will fall about to 0.6. Since gels, such as polyacrylamide gel 
which is a medium for carrying out molecular weight separation by the capillary tube itself and electrophoresis, are the 
scatterers of light, this is to scatter about incident light in the part and for the transmitted light to decrease as a result. 
As for transmitted light reinforcement falling, only the part means that S/Ns, such as a photodetector, fall, and the 
accuracy of measurement falls. Moreover, on the surface of a capillary tube etc., the reflected light [ dispersion and ] 
also carries out incidence of such light to a direct detection machine, without irradiating a sample, although the part 
will be detected (** which does not receive absorption by the sample). If the amount of [ which is detected irrespective 
of existence of such a sample ] Mitsunari is, it will be hard coming to measure a minute change on the strength 
[ optical ], that is, spectrometry with a high precision will become difficult. 

[0052] In this example, in order that light may pass through gap space, that is, may penetrate the inside of very little 
buffer solution of light scattering, being influenced of light scattering by the above capillary tubes itself, gels, etc. is 
lost. Therefore, a sample is irradiated efficiently and highly precise spectrometry becomes possible. In addition, 
although it condenses in the gap section with a lens and the light which let the monochromator 56 pass is irradiated in 
this example, irradiating as an parallel light mostly, without condensing, separating spatially only the light which 
passed the gap section, and measuring the optical reinforcement can measure similarly. 

[0053] Moreover, it is also possible to prepare two or more capillary tube pairs like the 2nd example, and to measure 
absorption of two or more samples to coincidence. In this case, what is necessary is to arrange two or more capillary 
tube pairs in a perpendicular field, and just to consider as the equipment configuration which detects each transmitted 
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light reinforcement of two or more gaps by a two-dimensional sensor etc. to the exposure shaft of light. 
[Example 4] Although the gap was formed by the capillary tube pair in the 3rd example from the above 1st, a gap is not 
formed only of a capillary tube pair. For example, the molecular weight separation section can be used as a capillary y 
tube as well as the above-mentioned example, and a gap can also be formed with a plate with this capillary tube edge 
and pore. 

[0054] The expanded sectional view of the fluorescence eel section which formed the gap in drawing 5 with the 
capillary tube and the plate with pore is shown. The capillary tube 71 filled up with polyacrylamidegel like the 1st 
example and the plate 73 (for example, plate made of a polytetraflouroethylene) which has pore 72 are made to counter 
so that the shaft of a capillary tube 71 and the shaft of pore 72 may be mostly in agreement, it arranges, and a gap 74 is 
made to form. These are held inside the fluorescence eel 75. A fluorescence eel is a fluorescence eel of the square 
shape of for example, 3mm angle of appearances and 1mm angle of inner forms which the vertical edge has opened 
wide, and it presses down with the block 76 made of a polytetraflouroethylene from the upper part, and is pressed down 
and fixed with a plate 73 from the lower part, and it enables it to hold the buffer solution etc. in a cel. It enables it to 
adjust so that the hole which is in agreement with the appearance of a capillary tube 71 may be prepared in the block 76 
made of a polytetraflouroethylene, and a capillary tube 71 may be held through a capillary tube 71 to the hole and the 
die length of a gap 74 may be set to 1mm from 0.1mm. The other end of a capillary tube 71 is dipped in a cathode 
lateral electrode tub like the 1st example. Moreover, the tube 77 made of a polytetraflouroethylene is connected to the 
lower part of a plate 73 with the tube fastener 78, and it is led to an anode plate lateral electrode tub. In addition, the 
direct plate 73 may be contacted to an anode plate lateral electrode tub. 

[0055] In addition, in drawing 5 , although not illustrated, after establishing the inlet for pouring in the buffer solution 
etc. in the interior of the fluorescence eel 75 like drawing 2 , pouring in the buffer solution through a bulb etc. at the 
time of migration, filling the interior, gap 74 space, and the tube 77 made of a polytetraflouroethylene of the 
fluorescence eel 75 and stopping impregnation of the buffer solution, electrophoresis of the sample is carried out. 
According to this example, fluorescence detection with little background light reinforcement can be performed like the 
1st example, and high sensitivity fluorescence detection of a sample is attained. 

[0056] Moreover, if two or more pores are arranged on a straight line on a plate 73, the fluorescence eel section which 
has the same effectiveness as the 2nd example can also be constituted. Moreover, according to this example, since one 
side is a plate 73, the assembly of equipment becomes easy. 
[0057] 

[Effect of the Invention] According to this invention, high sensitivity fluorescence with little effect, such as background 
light, or the electrophoresis apparatus in which light absorption measurement is possible is realizable by performing 
optical measurement outside the molecular weight separation sections, such as capillary tube gel. Moreover, without 
spoiling the molecular weight separability ability in gel electrophoresis, the fluorescence or light absorption test section 
which consists of the electrolytic solution can be constituted simple, and can be instrumentated easily. 



[Translation done.] 



